A glycopeptide and a peptide have been isolated from bovine seminal plasma which together will induce germination of Candida albicans blastospores at 37 "C and in the presence of glucose and Mn2+. They have molecular weights of 2000 to 3000. Both peptides contain appreciable amounts of aspartic and glutamic acids, only the glycopeptide contains threonine, lysine, histidine and arginine, while only the peptide contains proline. Acid hydrolysates are fully active in inducing germination and a mixture of aspartic acid, lysine, histidine, threonine, proline and p-alanine can replace them. Mn2+ is not then required. Amino acid mixtures are required to be present throughout the whole period in the incubation medium for full germination to take place, but the peptides can be removed after 1 h incubation and if the cells are resuspended in a buffered glucose medium full germination occurs after a further 3 h incubation.
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Chromatography/electrophoresis. Whatman 3MM paper washed with water by descending elution for 24 h was used. Electrophoresis was for 1 h at 40 V cm-l using glacial acetic acid/formic acid/distilled water (8: 2: 90, by vol.). Descending chromatography was with butan-1-ol/glacial acetic acid/distilled water/ pyridine (redistilled) (150: 30: 120: 100, by vol.). RF values were determined using acid fuchsin as a marker, Papers were dried at 45 "C for 2 h. Peptides were detected using a dip reagent comprising fluorescamine (0.1 %, w/v) in acetone (1 part) added to triethylamine (3 %, v/v) in acetone (9 parts). Carbohydrate was detected by the method of Gordon et ul. (1956) with the silver nitrate reagent of Clamp & Putnam (1964) . Preparative electrophoresis was carried out on thin-layer 'Chromogram' sheets (Eastman cellulose 13255) at 200 V for 3 h using pyridine (redistilled)/glacial acetic acid/distilled water (5: 5:90, by vol.) and peptide detection was by the method of Stevenson & Gaucher (1975) . Elution was effected with distilled water.
Acid hydrolysis and amino acid analysis. Procedures were as described by Barlow et al. (1974) . Chemical determinations. Detection of N-terminal amino acids in peptides was by the method of Gray (1967), peptides were estimated by the method of Lowry, total carbohydrate according to Dubois et a/.
(1956). gas-liquid chromatographic analysis of carbohydrate according to Yokota & Mori (1977) using the neutralization step as described by Rickert & Sweeley (1978) , phosphorus according to Bartlett (1959) and trace elements by flame photometry.
RESULTS

Fractionation of seminal plasma
The scheme for the isolation of the final fraction (D/1/3/3 + D/2/2/3) required for maximum germination of a blastospore suspension is shown in Table 1 . The separation on Sephadex G-50 gave the active material (fraction D) in a later fraction than that found previously (fraction D2; Barlow et al., 1974) indicating material of a lower molecular weight. The only difference in the two techniques was the column volume (1570 ml as against 200 ml previously). Examination of fractions D and D2 by two-dimensional electrophoresis and chromatography showed that they had seven spots in common which reacted for peptide and/or carbohydrate material, and subsequent stages in the purification showed that the Peptide-induced germination of C. albicans active material was contained within th nents. Active m t rial is known to be associated with some, but not all, preparations of serum albumin and it is probable that the present conditions for the Sephadex G-50 separation gave rise to greater dissociation of the active material from proteins in the seminal plasma.
Separation of fraction D on DEAE-Sephadex A-25 is shown in Fig. 1 . Initially, fractions D/l to D/4 showed only low activity when tested either singly or together; increasing the concentration of single fractions did not give any increase in germination. Fraction D was shown to contain Mg2+ (0.8 mM), Ca2+ (0-04 mM), Zn2+ (0.06 m~) and Mn2+ (< 0.014 mM) and full germination was obtained by combining fractions D/l and D/2 in the presence of Mn2+ which was then included in germ-tube tests at all further stages of the purification (Table 2 ). Fraction D/1 was further separated by preparative paper chromatography into five components. Maximum activity was found in D/1/3 and this was further separated into three components by thin-layer electrophoresis at pH 5, the final active fraction being D/1/3/3. Similar treatment of fraction D/2 led to the isolation of D/2/2/3 which was fully active when combined with D/1/3/3.
se common comp
Analysis of D/1/3/3 and D/2/2/3 The homogeneity of these materials was further demonstrated by showing that they each contained only one N-terminal amino acid and that each moved as a single spot in thinlayer gel chromatography on Sephadex G-25 and G-50. The latter was also used to estimate 434 (Table 3 ). In terms of peptide content this represents an 82-fold concentration from the original seminal plasma, with maximum germ-tube development being given by 4-9 ,ug peptide ml-l. Gas-liquid chromatographic analysis of the carbohydrate present in D/1/3/3 showed the presence of glucose (24 x), galactose (23 %), N-acetylglucosamine (2 1 %), mannose (1 5.5 %), N-acetylneuraminic acid (1 3 %) and fucose (3.5 x)
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together with an unidentified peak which may have been myo-inositol.
The amino acid analysis of D/1/3/3 and D/2/2/3 (Table 4) shows that both peptides are highly polar. The molecular weight determinations (Table 3) indicate that both peptides will contain of the order of 20 amino acid residues. On this assumption and, therefore, ignoring amino acids present at Iess than 5 % of the hydrolysate, D/1/3/3 has an empirical composition of Glu, Lys, His, Asp, Gly, Arg Ala and D/2/2/3 of Glu, Pro5 Asp, Ser Gly Leu. However, the presence of some other amino acids may indicate a degree of microheterogeneity.
Peptide-induced germination of C. albicans Germination induced by acid hydrolysates of D/ 1 /3/3 and D/2/2/3 Chattaway et af. (1976) showed that acid hydrolysates of fraction D2 retained the full germination-inducing capacity of the original peptide and devised a 'minimal amino acid mixture ', comprising aspartic acid, proline, histidine, lysine, threonine and p-alanine, which could replace the hydrolysate in this function. It has been confirmed that the combined acid hydrolysates of D/ 1/3/3 and D/2/2/3 also have this property. Qualitative comparison with the minimal amino acid mixture shows that D/l/3/3 contributes aspartic acid, histidine, lysine, threonine and p-alanine while D/2/2/3 contributes aspartic acid and proline. D/2/2/3 could be replaced by aspartic acid and proline at concentrations used in the minimal amino acid mixture. It must be noted, however, that replacement of D/1/3/3 or D/2/2/3 by their hydrolysates or by amino acid mixtures requires, for full germination, higher concentrations of total amino acids than the amino acid equivalent concentration of the original peptide fractions (Table 5) .
It has been shown ( Table 2 ) that for full germination induced by D/ 1 /3/3 and D/2/2/3 there is a requirement for Mn2+ (14 p~) ; the combined acid hydrolysates of these peptides or the minimal amino acid mixture gave full germination without the addition of Mn2+.
Uptake of germ inat ion-inducing materials
The standard test for determining the extent of germination involves the inducing materia1 being present throughout the period of incubation. Experiments were carried out to determine the minimum time of exposure to germ-tube inducing material for full germination to occur. Thus, in a standard test the cells were sedimented by centrifuging after various periods of time, washed three times by resuspension in distilled water, and then the incubation was continued in the normal glucose/phosphate buffer with added Mn2+ for the peptide fractions, for a total time of 4 h, at which point the extent of germination was recorded. Seminal plasma peptide fractions and the minimal amino acid mixture were used as germ-tube inducing agents; the results are shown in Fig. 2 . Thus fulI germination was induced after 1 h exposure to seminal plasma fractions but the mixture of amino acids gave only 75 germination after 2 h preincubation in their presence; full germination required them to be present continuously. A temperature of 37 "C was required throughout the incubation. If preincubation for 1 h was carried out at 30 "C and the subsequent period was at 37 "C then no germination occurred; if preincubation for 1 h was at 37 "C and then the final stage was at (1973)] but it was found that the germ-tube inducing activity of the products was reduced (even if only 20 % of free amino groups were labelled) and this was not due to inhibition by hydrolysis products of the reagents. No evidence could be obtained for uptake of labelled peptides.
DISCUSSION
It has been shown that seminal plasma contains a peptide and a glycopeptide which together and in the presence of Mn2+ and glucose at 37 "C will induce 90 % germination of a suspension of C. albicans at lo6 cells ml-l. The combined acid hydrolysates of these peptides will also support full germination, confirming the observation of Chattaway et al. (1976) using cruder fractions. The hydrolysates may be replaced by a mixture of aspartic acid, proline, histidine, lysine, threonine and P-alanine. The peptides had molecular weights of 2000 to 3000 and only one N-terminal amino acid was detected in each case, but the threonine and P-alanine were not present in the hydrolysates in sufficient amount to suggest that they are an integral part of the peptide molecule; nevertheless, in their absence from the amino acid mixture only 70 to 80 % of the cells germinate.
The peptides effect full germination at a lower concentration (4.9 p u g peptide ml-l) than the combined hydrolysates (10.4pg total amino acids ml-l) or the minimal amino acid mixture (35.5 pg amino acids ml-l). These hydrolysates contain a considerably wider range of amino acids (see Table 3 ) than the minimal mixture. All these concentrations are appreciably lower than those used by other workers in studies of germination and mycelium development, e.g. Taschdjian The lower required concentration of the peptides may reflect the more rapid utilization of the free amino acids for other metabolic activities or a more effective action by the peptides after uptake. The question as to whether the peptides need first to be hydrolysed for their effect on germination to be apparent is unresolved. Their molecular size suggests that they Peptide-induced germination of C. albicans 437 are unlikely to pass into the cytoplasm unchanged. There is an aminopeptidase of optimum pH 7-4 associated with the cell surface (unpublished observations) which could effect such hydrolysis, but it would have to be assumed that the amino acids released were utilized more effectively than the amino acid mixture to initiate the changes in metabolism associated with germination.
The Mn2+ requirement for full expression of the peptide activity and its absence with the amino acid mixture suggests that it may be concerned with the initial association of the peptides with the cell surface or in peptidase activity (Payne, 1976) . The presence of a high proportion of acidic and basic amino acids in the peptides, the non-uptake of peptides labelled by groups.attached to free amino groups and the dependence of full germination on pH suggest that the residual charge on the peptides may be concerned in their uptake or effects on the cell membrane. No evidence has been found for any role for the carbohydrate moiety of D/1/3/3, either in uptake or in inducing metabolic changes. The presence of materials with this biological activity in seminal plasma suggests that they may have other biological effects possibly associated with fertilization or foetal development in which the carbohydrate content may have a role.
